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Curved Beams and Hooks 


EARLY DEVELOPMENTS 

The analysis and design of curved members such as hooks, chain links, bearing 
housings, proving rings, and structural frames for machines involves application of 
the well-known principles of elastic response of curved beams. In this type of a 
machine element, the radius of curvature is usually small in comparison with the 
overall dimensions of the beam, and the neutral axis is said to be displaced toward 
the center of curvature. 

Early developments of curved-beam theory date back at least to the middle 
of the nineteenth century and are due to Winkler [155]. However, experimental 
verification of the original theory and its subsequent modifications received rather 
scant attention from early investigators in the field of elasticity. Part of the reason 
for this poor state of knowledge at the time was the lack of suitable apparatus for 
experimental work. It was not until 1906 that a rational test program got under 
way at the University of Illinois [156] with the specific purpose of providing design 
data for chain links. The test of Winkler theory, however, was not feasible because 
of the inherent doubt regarding the distribution of pressure between adjacent links. 
It was then necessary to go to experiments on circular rings with rectangular cross 
sections, for which a more true knife-edge bearing was possible. These ring tests 
seemed to confirm the theoretical analysis of deflection, and it was concluded that 
the fundamental curved beam equation used at the time could also predict the 
true stresses. The Winkler formula (later to be known as Winkler-Bach) was then 
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